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Abstract 
The library website is the primary source of information regarding the delivery of immersive 
services. Augmented Reality (AR) and Virtual Reality (VR) are the latest immersive technologies 
implemented in various library services. Our primary objective is to examine and identify the 
crucial parameters for the patrons' navigation, design, and content of a life-like facility. This study 
does an online survey of the libraries of the top 50 institutes/ universities worldwide. We studied 
the library portals that deliver AR/VR/MR/DV/CAVETM services to their users. The findings are 
then used to design and develop such services at the central library [institute name]. We have 
collected the top university name from the QS ranking website. Then we have browsed the library 
web pages for a detailed examination of the displayed data. The questioner form is used to capture 
data, and Microsoft Excel is used for data analysis. The survey data assessment shows that 80% 
of the libraries use Oculus Go/Rift as a preferred VR headset device, and 56% use HTC Vive. 
Research data analysis shows that only 40% of the libraries display faq or instructions for the VR 
device setup & damage-related facts. A study of the university addresses shows that developing 
countries like the USA, UK, Hong Kong have these lab spaces more prominently in libraries. The 
paper proposes a model checklist that libraries may follow while offering such services. The article 
also recommends devices and software for the librarians who think about implementing AR/VR 
provisions in their libraries.  
Keywords – Immersive Library Services, Augmented reality (AR), Virtual Reality (VR), HTC 
Vive, Oculus, web-based augmented reality (WebAR), A-Frame, Data Visualization (DV) 
 
1. Introduction: "Immersive learning" is the learning process where the user studies in an artificial 
or simulated environment. These are gradually being implemented in many libraries worldwide. 
AR is the blending of the natural world onto the virtual world. In contrast, virtual reality (VR) is a 
computer-simulated environment that may be "similar to" or entirely different from our natural 
world. The setting helps the learner to feel like a natural environment and gets immersed in it. 
Libraries have gone through various stages of development over the past four decades. The "World 
Wide Web" brought a drastic change in library's online services. Activities such as finding books, 
maps, articles, videos are now available online using varied web applications. Librarians have 
brought technology (Bharti and Verma, 2021) to deliver various amenities to their users. 
Henceforth "information space," i.e., the space between the library user and resources, collapsed 
through different digital access methods. Many libraries worldwide have taken initiatives to 
connect with their patrons using "Virtual Reality" or "Augmented Reality" technologies by 
providing them a true-to-life experience. The VR/ AR industry is also growing. Grand View 
Research forecasts that the growth will be at a compound annual growth rate (CAGR) of 18.0% 
from 2021 to 2028.  
In today's digital advancement, much virtual reality content is available in the public 
domain like YouTube. Panoramic photographs, 360-degree images, 360-degree videos, and 
simulation software are gradually becoming necessary in every sphere of our life. The usage of 
simulating software in education and training has become more frequent. Central Library [institute 
name] developed in-house WebAR programs for information delivery using A-Frame JS libraries. 
A-Frame is an open-source web framework for building AR/ VR experiences. A-Frame works on 
top of HTML, making it simple to start. Library portals play a vital role as a single-window 
information access point for the "Immersive Library Services." Central Library puts all the details 
of the new "Virtual Reality Environment" on its web page. This paper highlights the essential 
communications that must be present in the library portal like "device policy", "does and don't for 
using VR headset", device setup setting, etc. The library staff also plays a vital role in user 
awareness, cataloging, training & its advocacy (Babb, 2008). The survey findings reveal gradual 
acceptance of the new technology by the libraries and the users. 
This paper aims to present the library website design methodology as part of our 
unpublished research thesis. A two-person team is formed to explore the present landscape of 
virtual reality among various academic libraries worldwide. The structure of our article is in seven 
parts. They are literature review,  research questions, methodology, data collection, analysis, 
discussion, and conclusion. 
 
2. Literature Review: There are different types of immersive technology, such as 360-degree 
view of an area, VR / AR / MR (Mixed Reality), and XR (Extended Reality). Author Massis 
explains in its article that the applications of vivid technologies are new additions to the library 
service toolkit (Massis, 2015).  A virtual tour (Vanek, 2021) of the library is created using a 360-
degree camera, and it offers such an experience as if we are visiting the area in reality. The 360-
degree content (Frost, Goates, Cheng, & Johnston, 2020) allows users to view and explore by 
looking in any direction using a VR headset. Author Frost's findings show 60% of the users are 
interested in using VR for academic purposes. The library web page is built to provide diverse 
knowledge fulfilling its users' information needs. The primary users are the faculty members, 
institutional staff, and students. The users from other educational institutions, both national and 
international, are the secondary user population (Raward, 2001) who regularly visit the library 
portals and use displayed communications. 
Literature shows experiments with "VR" are done from the early stages of human 
civilization. In modern times two simulators are worth mentioning. In 1929, Edwin Link had 
developed a flight simulator, and in 1962, Martin Heilig designed a motorcycle simulator called 
Sensorama. The first head-mounted 3D display device was formed in 1968 by Ivan Sutherland. 
Kipper defines virtual reality as "a completely artificial digital environment that uses computer 
hardware and software to create the appearance of a real environment to the user." Later on, virtual 
reality was made famous by modern pioneer Jaron Lanier in the year 1985. In 1990 at Boeing, 
Tom Caudell first used augmented reality (Caudell & Mizell, 1992) technology while assembling 
aircraft electrical cables and blending them with the virtual wireframe graphics. An exponential 
development both in hardware and software started in the year 2000 with the Thomas ARQuake 
project. Softwares like Unity (2004), Wikitude (2008), LayerAR (2009), Blippar (2012) are some 
of the major AR/ VR platforms. In the hardware section Microsoft Kinect  (2009), Palmers Lucky's 
Oculus (2012), Google Cardboard (2014), Samsung Gear (2014), Sony VR Playstation (2016), 
Microsoft Hololens (2016) are a few of the major players in the market for VR headset. 
Building a virtual reality info portal is very perplexing as all these depend upon the 
requirements and implementation costs. The portal gives reports/ tutorials about the hardware, 
software, and the surrounding physical space that makes the user safe and enjoyable. Implementing 
such technologies in the documentation centers for user pretext (Santos & Esposo-Betan, 2017) is 
a task full of challenges. The content, design, and navigation menus are considered vital elements 
while building the academic library webpage (Al-Qallaf & Ridha, 2019). A little ignorance about 
the same may harm both the web page's popularity and students' interest. It becomes more 
challenging when the task allotted is to build a webpage for immersive services. Librarians 
consider the web a communications tool for their users to make the data available about the book 
holdings, journal collections, and ongoing projects. Henceforth, the design of the webpage 
(Ibrahim & Ali, 2018) must be made keeping the user's needs. 
 
3. Research Questions: Central library [institute name] imparts WebAR based information 
delivery assistances and Oculus Go headset for VR content access by users. Various public domain 
platforms like YouTube, NASA, and many others host diverse open-access virtual reality 
educational content. Students can now learn about the solar system or planet Mars using the VR 
headset. The library home page acts as the main window to deliver all such material to its patrons. 
We have explored the top academic libraries and tried to capture data about the type of AR/ VR 
info they offer to their students. Our research questions are: 
• What must information be available on the library portal about the immersive services? 
• What are the primary AR/ VR services delivered by top academic libraries worldwide? 
• What are the crucial portal design parameters for immersive information services? 
4. Methodology: The academic library portal is the door for accessing the latest happenings. We 
delve into the users' information needs (Desmarais & Louderback, 2020) while doing the text 
mining of the web pages. Henceforth, The methodology followed is conducted in two parts (a) 
performing a library portal survey of the top 50 academic universities and (b) an exploratory study 
on the immersive services implemented at the central library [institute name] and its information 
display. We have used the QS ranking website ("QS World University Rankings," 2021) for 
preparing the list of the top 50 academic universities. We designed the questionnaire input form 
[Ref: Table I] in MS Excel to capture the available data.  
4.1 Designing the Questionnaire Tool: A research investigation can never achieve its pinnacle 
without a well-framed questionnaire. We have framed the questionnaire input form using MS 
Excel. The questionnaire is segregated into four parts (a) General Information: The details like 
university name, library name, URL, contact details are captured in this section (b) Technology 
Implementation: All the technical queries are put together in this column. (c) Content Information: 
Here, all the questions about the immersive content display are presented (d) Library Services: 




Table 1:  Questionnaire Format and Requirement Analysis 
Sl No Questionnaire Requirement Analysis 
1 General Information: University Name, Library Name, 
URL, Country, Contact Details (email id, contact person 
name) 
The basic information 
for future references 
2 Technology Implementation:  
• What types of VR devices are available in the 
library? 
• List of software used for the development of the VR 
environment. 
• Lists the VR Apps listed in the library portal for 
users experience 
The type of technology 
available to users is 
collected for study. 
Various software and 
Apps are collected for 
data mining. 
We can conclude the 
popular Apps for UX  
3 Content Information: 
• Does the library portal mention the VR usage 
principles and policy? 
• Does the library portal display FAQ/ Instructions for 
the VR device setup/ damage? (Yes / No) 
• Do tutorials available for the development of an 
immersive experience? (Yes / No) 
• Does the immersive library portal display user's 
safety information? (Yes / No) 
The most vital data is 
captured here. Like 
policy, faq, does and 
don't, user safety pieces 
of information. 
The data helped us to 
design our library's 
information portal. 
4 Library Services: 
• What immersive services are available in the library 
portal? (e.g AR, VR, MR, XR, DV, VE) 
• Does the library allow users to Borrow VR 
Equipment? (Yes / No) 
• Does the library portal have an online Reservation 
Software to book the VR Station Facility? (Yes / 
No) 
The emerging 
technology and its 
requirement are 
captured. 
Text mining provides 
us a list of innovative 
library services being 
delivered to the users. 
4.2 Steps for Data Collection: We have used Google to search for getting the website url. The 
search query string used in Google are:  
• <University Name> + Library + Virtual Reality  
• <University Name> + Library + immersive services.  
• <University Name> + Library + makerspace.  
 
Figure 1: Google Query Syntax for Finding the Library Website URL 
An example of the above search string is "Stanford University + library + virtual Reality" [Ref 
Figure 1]. Next, we visited the university library portal and extensively studied the AR/ VR 
amenities. The necessary data are recorded in the excel datasheet. Notes are also taken with 
references to the questionnaire. 
5. Data Analysis: The data analysis shows 30 out of the selected 50 academic libraries [Ref Figure 
3] implemented the immersive facilities. Fourteen libraries from the US, five from the UK, four 
from Hong Kong, and very few libraries from Canada, Australia, and Singapore facilitate users 
with AR/VR/MR amenities. 
• "Types of Immersive Services" delivered to the patrons:  
        
Figure 3: Immersive Services in Libraries               Figure 4: Immersive Services in Libraries 
Analyzing the data shows six different types of services offered by the libraries [Ref Figure 4].  
The VR headset devices are used to view the 3D content (Kirsch, 2019). Library arranges the 
facility both on loan as well as on reserve. AR is implemented using proprietary software like 
Wikitude, Vuforia, AFrame, etc. We found both AR & VR are implemented in most of the 
libraries. On the other hand, mixed reality (MR), extended reality (XR), data visualization (DV), 
and CAVETM virtual reality environment are gradually making their presence. 
             Cave Automatic Virtual Environment (acronym CAVETM) is an immersive virtual reality 
environment. It is a cube room with 3D audio & video projections on all walls. Infrared cameras, 
projectors, 3D sound, and many other advanced devices typically design CAVETM environments. 
The data visualization (DV) is created using 6X3 55" display monitors. It is used to view high-end 
HD images like the image of the milky way. The colossal display facilities are beneficial for 
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• "Types of Immersive Devices" present in the libraries: The research found Oculus-made 
VR devices [Ref Figure 5] like Oculus Go and Oculus Rift are the most used devices 
worldwide. HTC Vive and HTC Vive Pro are also used in many libraries. 
 
Figure 5: Types of Devices in use  Figure 6: Immersive Services in Libraries 
 
Microsoft Hololens is used for experiencing AR and MR contents. We also found libraries 
use 360-degree cameras ("Virtual Reality," 2017) to develop a virtual tour of the library 
and campus. The Rumsey Library, Sheridan Libraries, and Crerar Science Library have big 
presentation screens for data visualization. CUHK library offers an Immersive L-shaped 
Virtual Reality display ("MakerSpace Facilities - CUHK Library," 2021).  
• "Library Portal Displaying Immersive Information": The library webpage presents all the 
required knowledge concerning virtual environments. Data mining [Ref Figure 6] shows 
that the VR device borrow facility is relatively low as 33% of the libraries allow users to 
take the device on loan. In comparison, 73% of libraries go for reserving a slot for operating 
the facility. The textual investigations show only 57 % of libraries display an acceptable 
usage policy for the VR devices, and 40% of the portal exhibits word about the faq, device 
setup, and damage-related data. 
• Makerspace and Innovation Lab: The textual analysis shows out of 30 libraries, six libraries 
took the highly commendable initiative to design and develop makerspace for various 
innovations and cultivating novel ideas. The virtual media lab of Cabot Science Library 
(Harvard University) offers multiple facilities, mainly audio/ video editing, 
photogrammetry, multimodal storytelling. The Digital Learning Hub (DLH) of Imperial 
College London starts the Immersive Technology Initiative. The School of Medicine and 
DLH uses Microsoft HoloLens to deliver live clinical teaching during the pandemic. The 
uCreate Studio in the University of Edinburgh Library is a creative hub for the academic 
community ("Makerspace - uCreateStudio," 2021). Academic Innovation Center in the 
University of Michigan, Hatcher Graduate Library engages users with XR immersive 
technology ("XR Initiative - The University of Michigan," 2021). The center is actively 
working with departments for "XR MOOC" services. Last but not least, the UNSW Sydney 
has a 3D Visualisation Aesthetics Lab and the University of Chicago RCC's Data 
Visualization Lab that facilitates the patrons to work with big data visualization.  
6. Discussion: The evolving library services using emerging technologies bring infinite challenges 
with boundless opportunities. The LIS professionals should be trained and have IT skills to provide 
immersive services.  Dr. Sawant found only 19.61% of her respondents know 3D printers & maker 
spaces (Sawant & Yadav, 2020). Setting up AR/ VR utilities is budget intensive, but the brighter 
side is it also increases the footfall of the students. Libraries, on a smaller scale, may engage their 
users with AR/ VR facilities. The library development team put all the required knowledge [Ref 
Appendix: Check List] while developing the library's immersive services webpage ("Virtual 
Reality Facility," 2019).  In their article, authors Fan & Welch discuss that a library portal must 
emphasize the patrons' terminology  (Fan & Welch, 2016) and ask a librarian regarding its offered 
services. They further draw attention to showcase the best-selling items at the front of the library 
home page to attract users. WebAR based information delivery system (Hu, Zhang, & Wang, 
2019) is also implemented with open source software A-Frame.  The program uses a mobile 
camera that tracks the 2D AR marker image.  The user executes the WebAR app in its mobile 
phone and then focuses the mobile camera on the POI (point of interest), i.e., AR marker (Van 
Krevelen & Poelman, 2010). The app instantaneously triggers the query handler to show the video 
or the 3D image information.  
6.1 The Challenges: Creating a virtual reality environment is a difficult task. The amenities 
require various types of hardware and software.  
 
         Figure 7: Word Cloud of VR Softwares 
The significant challenges are: 
• Device selection:  It is the primary challenge as there is various hardware VR headset now 
available in the market. Then comes the setting and configuring.  
• Website Development: Designing and developing a unified portal is the most challenging 
part that will cater to the need of all the users. Here software plays a vital role in the 
development of virtual environments. AFrame open source javascript libraries are used for 
developing WebVR and WebAR based services. Seshaiah reports the lack of updated data 
in the library portal, regular updates of FAQs, implementation of web 2.0 applications, and 
feedback facility are critical concerns for librarians (Seshaiah & Rekha, 2019). 
• Software selection: All the software names present in various library portals are 
accumulated in a text file during data collection. The VR content creating software and the 
VR apps for user experience are collected. Then we made a word cloud of those words 
[Ref Figure 7] to get the highly used software worldwide. Unity, Unreal Engine, and 
Vuforia are used for VR/AR content creation. Google's various AR/ VR utility tools 
("Google AR & VR," 2021) are used for content development purposes as well as for user 
experiences. NASA VR-based mars missions, The Body VR: Journey Inside a Cell, Google 
Earth VR, The VR Museum of Fine Art are a few of the OA contents. 
• Processors: The execution of software puts immense computational pressure on the 
processor. A high-end CPU and GPU are always advisable. 
• Staff training: It is another concern for the librarian. The library should consistently track 
the user experiences as there are many pitfalls like user's health hazards. Author Matthew 
Hannah reports in their article that virtual reality content (Hannah, Huber, & Matei, 2019) 
is beneficial to differently-abled users. That brings much responsibility on the shoulders of 
library staff to keep track of the user's discomfort and uneasiness feelings. 
7. Conclusion: Library patrons use the digital library for accessing the subscribed electronic 
resource. Users regularly visit the digital library with varied queries. Library staff provides the 
necessary support for their questions. The library developed a WebAR application using AFrame 
and HTML coding for quick information access. The central library [institute name] portal is built 
using the bootstrap framework, so that portal should be device-independent. The required tutorial 
for app development is also uploaded to the site. The experimental app of WebVR is developed 
using AFrame open source javascript libraries (Marcos, D., McCurdy, D., & Ngo, 2015). The 
research did not find any data on 3D object metadata schema elements that help libraries archive 
the 3D objects. The study found Caltech library mentioned steps to archive virtual objects in their 
repository ("Research Data Repository - Caltech Library," 2019). Our search on the repository 
shows two uploaded contents. In our study, we found the libraries gradually adopted the data 
visualization on the large screen. A proverb says, "A picture is worth a thousand words". The 3D 
structure of the SARS-CoV-2 virus provides more knowledge, and researchers can get a complete 
outline of its construction. In the end, we would like to conclude that two of the portals are designed 
with good details: the Bodleian Libraries, The University of Oxford ("Virtual Reality," 2021), and 
Virtual Reality @ Gerstein + MADLab ("Gerstein Virtual Reality," 2020). The LibGuide portal 
displays all the necessary and valuable knowledge about their services. Such knowledge is 
inspiring for the librarians, and they can refer to developing their own. 
Notes on Contributors: [Paste Author Contribution Details Here. Text File Attached] 
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 Appendix: Check List 
Sl 
No 
Check List - Question Remark Implemented 
Yes/ No 
(Tick) 
1 Bootstrap Framework Implemented? (Y/N) It is for device 
Compatibility 
Y/N 








3 List the VR usage principles and policy? Policy 
Document 
Y/N 
4 Prepare documents for the FAQ Document 
available 
Y/N 
5 Tutorials for content development prepare tutorials 




6 Immersive facility user's safety manual User Manual Y/N 










9 Does the library portal have an online Reservation 




10 Instructions for the VR device setup and device 
damage 
Document 
available 
Y/N 
 
